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a  b  s  t  r a  c t

Background: The  aim of this  study  was to investigate  the  incidence  and  risk factors  for  the  development
of AIDS-defining cancers  (ADCs);  and to investigate  the  effect of making  different assumptions  on  the
definition  of incident  cases.
Methods:  A multicentre  cohort  study was designed.  Poisson  regression  was  used to assess incidence and
risk factors. To  account  for  misclassification,  incident  cases  were  defined  using lag-times  of 0, 14 and
30 days  after  enrolment.
Results: A total  of 6393  HIV-positive subjects were  included in the  study.  The incidences  of ADCs changed
as  the  lag periods  were  varied from  0  to 30 days.  Different risk factors  emerged  as  the  definition  of incident
cases was changed.  For  a lag  time of 0,  the  risk of  Kaposi sarcoma  [KS]  and non-Hodgkin  lymphoma  [NHL]
increased  at  CD4  counts  <200/ml. HAART  was associated  with  lower  risk of NHL  and KS. Men  who  had
sex  with men  had  a  higher  risk of KS.  KS  and  NHL  were  not associated  with  viral  load, gender,  or  hepatitis
B  or  C.  The results  were  similar for  a lag-time  of 14 and  30 days;  however,  hepatitis  C was significantly
associated  with  NHL.
Conclusions: This  analysis  shows  the  importance  of the definition  of incident  cases  in cohort studies.
Alternative definitions  gave different  incidence  estimates,  and may  have  implications  for  the  analysis  of
risk factors.

©  2011  Elsevier  España, S.L. All rights  reserved.
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r  e  s u  m e  n

Introducción: El objetivo de  este  estudio es analizar  la incidencia  y  factores  de  riesgo para  el  desar-
rollo  de  carcinomas definitorios  de  SIDA (CDS),  e investigar  el efecto  de  diferentes  definiciones  de  casos
incidentes.
Métodos:  Se  diseñó  un  estudio de  cohortes.  Se analizaron  incidencia y  factores  de  riesgo  mediante  regre-
sión de  Poisson.  Se  realizó  el  análisis para tres  definiciones  de  casos incidentes:  retraso de 0,  14  y  30 días
desde la inclusión  en  la  cohorte.
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Resultados:  Se  incluyeron  6393  sujetos  con infección por  VIH.  La incidencia  de  CDS cambió según las
definiciones  de  casos incidentes (retraso  0,  14 y  30  días). Diferentes factores  se asociaron con el  riesgo
de  CDS  para diferentes  definiciones  de casos  incidentes.  Para el  retraso 0,  el  riesgo  de  sarcoma  de  Kaposi
(KS)  y  linfoma no Hodgkin (LNH)  fue  mayor  para  valores  de  CD4  <200/ml. La terapia  HAART se asoció a
un menor  riesgo  de  LNH  y  SK.  Los hombres  que  tienen  sexo con hombres tuvieron mayor  riesgo  de  SK.
SK y  LNH  no se asociaron  con carga viral,  género, hepatitis  B  o  C.  Para los  retrasos de  14  y  30 días, los
resultados  fueron  similares;  sin embargo,  la hepatitis  C se asoció  de  forma significativa  con el  LNH.
Conclusiones:  Nuestro  estudios  muestra la importancia  de  la definición  de  casos incidentes en los estudios
de  cohortes.  Diferentes  definiciones  pueden  influir en  la estimación  de  la incidencia  de CDS y en  el  análisis
de  los factores  de  riesgo.

© 2011 Elsevier  España,  S.L.  Todos  los derechos  reservados.

Background

Patients with human immunodeficiency virus (HIV) infection
have an increased risk  of various cancers.1 The epidemiology of
AIDS-defining cancers (ADCs; Kaposi sarcoma [KS], non-Hodgkin
lymphoma [NHL] and invasive cervical cancer [CC]) has changed
during recent years, as highly active antiretroviral therapy (HAART)
has reduced the incidence and improved the prognosis of both
KS and NHL.1–4 Meanwhile, the incidence of several non-AIDS-
defining malignancies, such as anal carcinoma, lung cancer,
or hepatocarcinoma, has increased among patients with HIV
infection.1,5,6 Patients infected with HIV also have a higher risk
of Hodgkin lymphoma compared to the general population5;
although no increases have been found over recent years in the
HAART era.6

The higher incidence of malignancies in  HIV-infected patients
has been explained by  several possible causes, such as HIV-
induced immunosuppression, chronic antigenic stimulation or the
increased exposure to  carcinogens, such as tobacco. Several onco-
genic viruses are related to ADCs: the role of human herpes virus
8  and human papillomavirus infection in the pathogenesis of KS  and
CC, respectively, is widely accepted. Epstein–Barr virus and human
herpes virus 8 could have a  role in  the pathogenesis of AIDS-related
NHL through chronic antigen stimulation of B lymphocytes.7

Recently, an association has been found between NHL and hep-
atitis C virus (HCV) in  the general population,8 although the
role of HCV in the pathogenesis of AIDS-related NHL is  still
controversial.

The epidemiology of HIV infection has specific characteristics in
Spain compared to other European countries9 which could influ-
ence the incidence and risk factors associated with ADCs in our
population. Until the last decade, the main risk factor for transmis-
sion in Spain was the use of intravenous drugs, and there is a  high
proportion of patients infected with hepatitis C virus (HCV).10,11

However, studies assessing the epidemiology of ADCs at national
level are lacking, since most are done in a  single institution12,13 or
using regional AIDS registries,14–16 providing limited information
on incidence and risk factors.

To investigate the incidence of ADC in cohort studies, prevalent
cases (i.e. patients experiencing symptoms of the event of inter-
est before or at enrolment) need to  be excluded from the analysis.
However, patients presenting with an ADC during the first days of
follow-up might not  be true incident cases; a patient may  have an
ADC on enrolment, but  could be diagnosed several days later after
evaluating the results of radiological studies or biopsy material. The
issue of defining prevalent and incident cases to account for diag-
nostic delay of ADCs (or other AIDS-defining events), and its impact
on the estimates of incidence and the analysis of risk factors have
not yet been addressed in the literature.

The aims of this study were to investigate the incidence and
risk factors for the diagnosis of ADCs in  two Spanish multicentre
cohorts, and to  investigate the effect of making different assump-
tions on the definition of incident cases.

Patients and methods

Patients and data collection

CoRIS and CoRIS-MD are two Spanish multicentre, clinical-based
cohorts of HIV-seroprevalent subjects which have been described
in  previous publications.17,18 Briefly, CoRIS-MD is a  cohort assem-
bled in  2003–2004 that  included all subjects aged over 18 years,
with at least 6 months of follow-up, seen between January 1st, 1997
and June 30th, 2003 in 10 participating hospitals from 7 of the 17
Spanish Autonomous Regions, irrespective of their treatment sta-
tus. CoRIS is  a  prospective cohort that included antiretroviral-naive
subjects aged over 13 years seen in  29 hospitals (which included
the 10 hospitals from CoRIS-MD plus 19 new hospitals) from 13
Autonomous Regions from January 2004. The administrative cen-
soring date for these analyses was 31 December 2003 for CoRIS-MD
and 31 October 2008 for CoRIS.

We  included all naive patients from CoRIS and CoRIS-MD
enrolled between 1 January 1997 and 1 July 2008. In order
to  minimise possible differences between the two  cohorts, we
included only patients who fulfilled the inclusion criteria for
both: only patients over 18 years and at least with 6 months
of follow-up were included. We collected data for the following
variables: age at enrolment, sex, transmission categories (male
homosexual contact, injecting drug users [IDUs], heterosexual con-
tacts, other/unknown), calendar period of observation (1997–2000,
2001–2004, and 2005–2008), CD4 cell count at enrolment, viral
load at enrolment, vital status, occurrence of ADCs (KS, NHL or  CC),
hepatitis B at enrolment (defined as positive HbsAg), hepatitis C
at enrolment (defined as positive HCV antibodies), and changes
of treatment over time. HAART was defined as antiretroviral drug
regimens including two nucleoside reverse transcriptase inhibitors
(NRTI) plus either a  non-nucleoside reverse transcriptase inhibitor,
a  protease inhibitor, or three NRTIs. HAART was modelled as a
time-dependent covariate with an intention-to-treat analysis (once
started on HAART, patients were assumed to remain on  it).

Statistical analysis

We  used descriptive statistics to compare baseline character-
istics between subjects with and without AIDS-defining cancers
before or at enrolment. We  used Fisher’s exact test to  compare
proportions and Mann–Whitney U-test to  compare continuous
variables. All tests were two-sided, and a  P <  .05 was considered
significant.

ADCs were diagnosed when the patient developed signs or
symptoms of KS, NHL or  CC, and the diagnosis was confirmed by  the
clinician taking care of the patient. Rates of ADCs were calculated
as the number of new cases per 1000 person-years. Subjects were
followed up from the date of enrolment until the date of first diag-
nosis of KS, NHL or CC, or the date of last visit, death, or censoring.
All  recurrences of ADCs were ignored. However, a previous episode
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Table 1

Major demographic characteristics and time of follow-up for patients included from each cohort.

CoRIS-MD CoRIS

Number of patients 3200 3193
Inclusion and follow-up period January 1997–December 2003 January 2004–October 2008
Median  follow-up (IQR), days 1460 (783–2179) 707 (412–1101)
Median  age (IQR), years 34.5 (30.3–38.7) 35.9 (29.9–42.7)
Number of female patients (%)  847 (26.5%) 711 (22.3%)
Median  CD4 count at entry (IQR), cells/�l 311 (130–519) 336 (149–532)

IQR: interquartile range.

of a different ADC from the one analysed did not prevent a patient
from entering the risk set (for example, a  patient with previous KS
was not excluded for the analysis of NHL). All prevalent cases were
excluded from the analysis. To account for possible misclassifica-
tion of prevalent cases as incident cases, we used three alternative
definitions of incident cases: lag 0 (incident cases defined as those
diagnosed with ADC at any time after enrolment), lag 14 (inci-
dent cases defined as those diagnosed with ADC >  14 days after
enrolment), and lag 30 (incident cases defined as those diagnosed
with ADC > 30 days after enrolment). We  performed all statistical
analysis for every definition of incident cases. For  each lag period,
incidence rates and hazard ratios were calculated using the differ-
ent  number of person-years at risk from day 0,  day 14 and day 30,
respectively, as denominators.

We used multivariable Poisson regression to evaluate the rela-
tive rates for the development of ADCs. Robust methods were used
to estimate confidence intervals (CI), assuming correlation between
the subjects in each centre. Wald tests were used to calculate P

values. All  statistical analyses were performed in Stata version 9.0
(College Station, TX, USA).

Ethics

Ethics committee’s approval was  obtained from all participating
hospitals. All subjects in  CoRIS signed informed consent to partici-
pate in the cohort.

Results

A  total of 6393 naïve patients were included (3193 from CoRIS
and 3200 from CoRIS-MD). The major characteristics and time of
follow-up of each cohort are shown in  Table 1.

Sixty-four patients had KS, 58 had NHL and 3 had CC before or  at
enrolment. Demographic and clinical characteristics of all patients
in the cohort and patients with KS and NHL before or at enrolment
are shown in Table 2.

Table 2

Demographic and clinical characteristics of all patients in the cohort, patients with Kaposi sarcoma at  enrolment, and patients with non-Hodgkin lymphoma at enrolment.

Variable All patients KS at enrolment p  NHL at  enrolment p

Total 6393 64 58

Gender <0.001 0.542
Male 4835 (75.6) 62 (96.9) 42 (72.4)
Female 1558 (24.4) 2 (3.1) 16 (27.6)

Exposure group <0.001 <0.001
IDU 2171 (34.0) 3 (4.7) 33 (56.9)
Heterosexual 1969 (30.8) 18 (28.1) 18 (31.0)
Homo/bisex 1887 (29.5) 41 (64.1) 7 (12.1)
Other/unknown 366 (5.7) 2 (3.1) 0 (0)

Age  group (years) <0.001 0.002
<30 1536 (24.0) 6 (9.4) 5 (8.6)
30–39 3109 (48.6) 23 (35.9) 27 (46.6)
40–49 1212 (19.0) 20 (31.2) 15 (25.9)
>50 536 (8.4) 15 (23.4) 11 (19.0)

CD4 cell count (cells/�l) groups <0.001 <0.001
>350 2613 (40.9) 13 (20.3) 9 (15.5)
201–350 1152 (18.0) 31 (48.4) 8 (13.8)
51–200 1185 (18.5) 10 (15.6) 17 (29.3)
≤50 672 (10.5) 9 (14.1) 17 (29.3)
Unknown 771 (12.1) 1 (1.6) 7 (12.1)

HIV-1 RNA (log10 copies/ml) groups 0.044 0.016
<4  1484 (23.2) 12 (18.7) 23 (39.7)
≥4.0  3330 (52.1) 43 (67.2) 25 (43.1)
Unknown 1579 (24.7) 9 (14.1) 10 (17.2)

Hepatitis C at entry <0.001 0.195
No  3261 (51.0) 50 (78.1) 23 (39.7)
Yes  2090 (32.7) 3 (4.70) 24 (41.4)
Unknown 1042 (16.3) 11 (17.2) 11 (19.9)

Hepatitis B at entry 0.001 0.117
No  2466 (38.6) 5 (7.8) 16 (27.6)
Yes  150 (2.3) 33 (51.6) 0 (0)
Unknown 3777 (59.1) 26 (40.6) 42 (72.4)

Figures indicate n  (%) unless stated otherwise. KS: Kaposi sarcoma; NHL: non-Hodgkin lymphoma; IDU: injecting drug user.
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Table  3

Number of patients included, person-years at risk, and number of events and rates per  1000 person-years of KS, NHL and CC for each lag  period.

Lag 0

Number of patients Person-years n Rate (95% CI)

KS 6329  19312.4 45 2.33 (1.74–3.12)
NHL  6335  19313.3 55 2.85 (2.19–3.71)
CC  1555  5053.0 3 0.59 (0.19–1.84)

Lag 14

Number of patients Person-years n Rate (95% CI)

KS 6319  19312.2 35 1.81 (1.30–2.52)
NHL  6327  19313.2 47 2.43 (1.83–3.24)
CC  1555  5053.0 3 0.59 (0.19–1.84)

Lag 30

Number of patients Person-years n Rate (95% CI)

KS 6315  19311.9 31 1.60 (1.13–2.28)
NHL 6323  19312.9 43 2.23 (1.65–3.00)
CC  1555  5053.0 3 0.59 (0.19–1.84)

KS: Kaposi sarcoma; NHL: non-Hodgkin lymphoma; CC: invasive cervical cancer; n:  number of events; CI: confidence interval.

After excluding patients with KS, NHL or CC before or at
enrolment, there were 45 patients who were diagnosed with KS,
55 patients with NHL, and 3 patients with CC during the follow-up
period. We  assessed the sensitivity of our results to  the definition of
incident cases by using lag periods of 0,  14 and 30 days. The number
of incident cases and the incidence rates of ADC for each lag period
are shown in Table 3.  For lag 0,  there was an annual incidence of 2.33
cases of KS, 2.85 cases of NHL and 0.59 cases of CC per 1000 popula-
tion. The incidence of KS and NHL decreased slightly for increasing
lag periods (Table 3). There were 16 cases of primary cerebral lym-
phoma for lag period 0,  with an annual incidence of 0.82 (95% CI:
0.50–1.34) cases per 1000 population. For lag 14 and 30, there were
13 and 11 cases of primary cerebral lymphoma, respectively, giving
an annual incidence of 0.67 (95% CI: 0.39–1.15) and 0.57 (95% CI:
0.31–1.02) cases per 1000 population.

The incidence rates of KS and NHL divided by  each risk factor
category for lag  period 0 days are shown in Tables 4–6 show the
multivariable analyses of factors associated with KS and NHL for
each lag period. Due to the low number of cases, we  did not  per-
form these analyses for CC  or primary cerebral lymphoma. For the
purpose of analysis of risk factors, the cases of primary cerebral
lymphoma were included in the NHL group.

After adjusting for other risk factors, there was  an increased
risk of KS in homosexual patients and patients in the age group
40–49 years for lag 0. The risk of KS increased with CD4 counts
<200 cells/�l, and was highest for CD4 counts <50 cells/�l.  There
was some evidence that HAART was associated with lower risk of
KS, although this did not reach statistical significance (RR: 0.26,
95% CI: 0.06–1.19, P =  .083). For lag 14, the effects of age group
40–49, CD4 counts <200 cells/�l (and especially <50 cells/�l), and
male homosexual exposure groups on the increased risk of KS
remained statistically significant. For lag 30, only the effect of CD4
cell count remained statistically significant, and a new associa-
tion was found, as there was a  lower risk of KS in  patients with
hepatitis C.

There was an increased risk of NHL for lag 0 in patients older
than 50 years, and with CD4 counts <200 cells/�l.  HAART was
strongly associated with a lower risk of NHL. These associations
remained statistically significant for lags 14 and 30. There was no
association between HCV or HBV and the risk of NHL for lag 0. How-
ever, HCV infection was  associated with a  higher risk of NHL for lags
14 and 30.

Discussion

Our study provides estimates of the incidence and risk factors
for the diagnosis of ADCs in  HIV-infected subjects from two  large
multicentre cohorts in Spain. To our knowledge, this is the first
study that also investigates the effect of the definition of  incident
cases on the incidence and risk factor estimates. We found an
annual incidence of 2.33 cases of KS, 2.85 cases of NHL and
0.59 cases of CC per 1000 population; there were slightly lower
incidences of KS and NHL when using more strict criteria in the
definition of incident cases, as expected. However, we also found
that different risk factors emerged as we  changed the definition of
incident cases. This stresses the importance of accurately defining
what is meant by incident and prevalent cases in HIV cohort
studies.

The definition of incident cases is important because if a  pro-
portion of the (supposedly) incident cases are  in reality prevalent
cases, the incidence of ADC would be overestimated, and the rela-
tive risk estimates for different factors might be biased. None of the
studies investigating the incidence of ADC, or other AIDS-defining
events, have yet addressed this issue. We used lag periods of  14  and
30 days to  assess the sensitivity of our results, as we  assumed that
it would be unlikely that a prevalent ADC would remain unnoticed
after 30 days of follow-up. The choice of the cut-off points for the lag
periods was done based on our experience on the usual delay in the
results of diagnostic tests in most of the centres that participate in
the cohort. As we used more strict criteria for the definition of inci-
dent cases, from lag 0 to lag 14 and 30, the incidence of KS and NHL
decreased. This is  explained because many events were diagnosed
during the first 14 and 30 days (for example, almost one third of the
KS cases were diagnosed during the first month after enrolment).
Thus, the number of events decreased significantly with increasing
lag periods, but  the number of person-years as risk was minimally
changed, as the contribution in time  of the excluded patients for
lags 14 and 30 was very small.

We  have used clinical criteria for the definition of  the diagnosis
of ADC: an ADC was diagnosed when the patient developed signs
or symptoms of KS, NHL or CC, and it was  confirmed by  the clinician
in charge of the patient. It could be argued that when patients have
an ADC diagnosed, the disease was already present in a subclinical
stage for some time before, and the real date of the development
of the cancer would be unknown. As it would be impossible to
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Table 4

Incidence rates of Kaposi sarcoma and non-Hodgkin lymphoma (cases per 1000 person-years) for lag period 0 days.

Variable Kaposi sarcoma Non-Hodgkin lymphoma

Person-years n Incidence (95% CI) Person-years n Incidence (95% CI)

Total 19,312 45 2.33 (1.74–3.12) 19,313 55  2.85 (2.19–3.71)

Gender

Male  14,256 41 2.88 (2.12–3.91) 14,301 44  3.07 (2.29–4.13)
Female  5055  4 0.79 (0.30–2.11) 5011 11  2.19 (1.22–3.96)

Exposure  group

IDU 8267 4 0.48 (0.18–1.29) 8165 26  3.18 (2.17–4.68)
Heterosexual 5527 10 1.81 (0.97–3.36) 5497 14  2.55 (1.51–4.30)
Homo/bisex 4375 29 6.63 (4.61–9.54) 4503 12  2.66 (1.51–4.69)
Other/unknown 1142 2 1.75 (0.44–7.00) 1146 3 2.62 (0.84–8.11)

Age  group (years)

<30 4635 6 1.29 (0.58–2.88) 4639 4 0.86 (0.32–2.30)
30–39 10,280 20 1.94 (1.26–3.02) 10,243 31  3.03 (2.13–4.30)
40–49  3036  14 4.61 (2.73–7.79) 3057 12  3.92 (2.23–6.91)
>50 1361 5 1.36 (1.53–8.83) 1373 8 5.83 (2.91–11.65)

CD4  count (cells/�l)

>350 7427 9 1.21 (0.63–2.32) 7453 9 1.21 (0.63–2.32)
201–350 3124 4 1.28 (0.48–3.41) 3133 3 0.96 (0.31–2.97)
51–200 3132 12 3.83 (2.18–6.75) 3162 20 6.32 (4.08–9.80)
≤50 1786 13 7.28 (4.23–12.53) 1771 14  7.90 (4.68–13.94)
Unknown 3805  7 1.84 (0.88–3.88) 3791 9 2.37 (1.23–4.56)

HIV-1  RNA (log10 copies/ml)

<4 3903  5 1.28 (0.53–3.08) 3859 10 2.59 (1.39–4.82)
4.0–4.99 4207  15 3.57 (2.15–5.91) 4222 7 1.66 (0.79–3.48)
≥5.0  3850  17 4.41 (2.74–7.10) 3894 22  5.65 (3.72–8.58)
Unknown 7350  8 1.09 (0.54–2.18) 7337 16  2.18 (1.34–3.56)

HAART

No  7731 22 2.85 (1.87–4.32) 7684 26  3.38 (2.31–4.97)
Yes  11,581 23 1.99 (1.32–2.99) 11,629 29  2.49 (1.73–3.59)

Hepatitis  C at entry

No 8228 39 4.74 (3.46–6.49) 8319 20 2.40 (1.55–3.73)
Yes  8056  4 0.50 (0.19–1.32) 7978 25  3.13 (2.12–4.64)
Unknown 3027  2 0.66 (0.17–2.64) 3015 10 3.32 (1.78–6.16)

Hepatitis  B at entry

No 5216 1 4.79 (3.24–7.09) 5264 17  3.23 (2.01–5.19)
Yes  300 25 3.33 (0.47–23.63) 310 1 3.22 (0.45–22.88)
Unknown 13,795 19 1.38 (0.88–2.16) 13,738 37  2.69 (1.95–3.72)

Calendar period

1997–2000 6099  13 2.13 (1.24–3.67) 6075 22  3.62 (2.38–5.50)
2001–2004 6951 7 1.01 (0.48–2.11) 6925 16  2.31 (1.42–3.77)
2005–2008 6261 25 3.99 (2.70–5.91) 6312 17  2.69 (1.67–4.33)

CI: confidence interval; IDU: injecting drug user.

precisely know when each of the ADC could have started, we used
a case definition based on clinical criteria (the development of
signs and symptoms).

As found in other studies,1 NHL was the most frequent ADC, fol-
lowed closely by KS. We  found an increased risk of KS for patients
aged 40–49 years, and of NHL for patients older than 50 years. These
findings are similar to  previous studies that found a  higher risk of
NHL with increasing age.3,19,20 The age groups with higher inci-
dence of KS are more variable across different studies.13,19,21 The
risk of KS was higher for homosexual patients, as is  well described
in the literature.1

The risk of developing KS or NHL was strongly associated with
CD4 counts <200 cells/�l at enrolment, and especially with CD4
counts <50 cells/�l. This association was consistent across all lag
periods. After adjusting for other risk factors, viral load was not
associated with the risk of KS or NHL, suggesting that CD4 cell count
is of greater importance for the occurrence of ADCs than viral load.
Low CD4 cell counts have been consistently related to the risk of
all ADCs,5,22 KS2,19 and NHL.19,20,23 However, while some studies
find an association of ADCs with viral load,5,19,23 other studies do

not find any association with viral load after adjusting for CD4 cell
counts and other risk factors.2,24

The use of HAART was strongly associated with lower risk of
NHL. There was  some evidence of a  lower risk of KS with the use of
HAART for lag 0,  although this did not  reach statistical significance.
Previous studies found a  lower risk of KS and NHL in patients treated
with HAART.6,19,20,23,25 Our findings are similar to  those of  Guiguet
et al.19 in  that there is  a  protective effect, even after adjusting for
CD4 count and viral load, suggesting that the effect of HAART may
be due to factors other than immune restoration: these authors sug-
gested the antitumour activity of some antiretroviral drugs or  a role
of inflammation in the tumour process as possible explanations.19

In  the general population, HCV infection has been recently
reported to increase the risk of NHL,8 and the risk appears to  be
higher in  populations with a  high prevalence of HCV.8 However, this
association has not been found amongst HIV-infected groups.19,26

The mechanism by which chronic HCV infection could increase the
risk of NHL is not fully understood: it has been attributed to  the
chronic antigen stimulation of B cells by the HCV.8 In our  cohort,
which has a  high HCV prevalence, we found that HCV increased the
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Table  5

Multivariable analysis of factors associated with Kaposi sarcoma for each lag period.a

Lag 0  Lag 14  Lag 30

RR  (95% CI) p RR (95% CI)  p  RR  (95% CI) p

Gender 0.291 0.547 0.537
Male 1.00 1.00 1.00
Female 0.56 (0.19–1.64) 0.73 (0.26–2.04) 0.72 (0.26–2.02)

Exposure group <0.001 0.033  0.224
IDU 1.00 1.00 1.00
Heterosexual 1.74 (0.50–6.06) 1.51 (0.39–5.79) 1.46 (0.33–6.38)
Homo/bisex 5.03 (1.16–21.84) 4.30 (0.87–21.13) 3.15 (0.56–17.64)
Other/unknown 1.47 (0.34–6.46) 1.60 (0.35–7.24) 1.46 (0.31–6.82)

Age group (years) 0.031 0.051 0.209
<30 1.00 1.00 1.00
30–39 1.57 (0.83–2.98) 2.04 (0.79–5.23) 1.94 (0.66–5.66)
40–49  2.74 (1.37–5.50) 3.56 (1.45–8.74) 2.71 (1.05–7.01)
>50  1.49 (0.62–3.55) 2.10 (0.62–7.09) 2.17 (0.68–6.97)

CD4 count (cells/�l)  <0.001 0.001 0.023
>350 1.00 1.00 1.00
201–350 1.79 (0.59–5.44) 1.19 (0.37–3.81) 0.67 (0.18–2.46)
51–200  6.88 (1.29–36.61) 3.89 (0.55–27.43) 2.85 (0.45–18.04)
≤50 13.17 (3.31–52.44) 5.98 (1.27–28.25) 2.72 (0.61–12.09)
Unknown 6.44 (2.29–18.15) 5.61 (2.01–15.65) 3.82 (1.38–10.53)

HIV-1 RNA (log10 copies/ml) 0.050 0.111 NE
<4 1.00 1.00 1.00
≥4.0  1.81 (0.85–3.85) 2.29 (0.86–6.09) NE
Unknown 0.73 (0.20–2.68) 1.25 (0.24–6.57) NE

HAART 0.083 0.391 0.656
No 1.00 1.00 1.00
Yes  0.26 (0.06–1.19) 0.48 (0.09–2.58) 0.69 (0.13–3.60)

Hepatitis C  at entry 0.253 0.322 0.022
No 1.00 1.00 1.00
Yes  0.23 (0.04–1.32) 0.28 (0.05–1.53) 0.25 (0.05–1.28)
Unknown 0.29 (0.05–1.51) 0.33 (0.06–1.88) 0.16 (0.04–0.60)

Hepatitis B at entry 0.233 0.886 0.975
No 1.00 1.00 1.00
Yes  0.56 (0.10–3.02) 0.84 (0.16–4.47) 1.18 (1.20–7.02)
Unknown 0.39 (0.10–1.52) 0.71 (0.15–3.22) 0.92 (0.17–4.90)

RR: rate ratio; CI: confidence interval; IDU: injecting drug user; NE: not evaluable.
a Variables included in the model: gender, exposure group, age group, CD4 count, HIV-1 RNA, HAART, hepatitis C, hepatitis B, and calendar period.

risk of NHL, but only for lags 14 and 30. The fact that the association
of HCV and NHL is still not well established in the literature, and
also that this effect is  found in  lags 14 and 30, but not  lag 0,  makes
us interpret this finding with caution. However, this stresses the
importance of the definition of prevalent cases in the analysis of
risk factors for ADC. We  also found a  lower risk of KS in  patients
with HCV infection, although no firm conclusions can be made due
to the low number of cases.

Our study has several strengths: it includes a large multicen-
tre cohort which is  representative of the population, as the Spanish
health system is free of charge and equally accessible to all persons;
the data have undergone rigorous quality control procedures; and
we include a sensitivity analysis for the definition of incident cases.
We have tried to minimise the limitations of the joint analysis of
two different cohorts with slightly different inclusion criteria by
restricting the analysis to  the patients who fulfilled inclusion cri-
teria for both cohorts. We are  aware of the general limitations of
cohort studies in HIV research.27 There is  a possibility of compet-
ing risks in our analysis, as the patients dying from one ADC would
not be able to experience a  different ADC. However, we have not
used methods to account for competing risks, since the deaths from
ADCs were very few (data not shown) and it is  highly unlikely that
this would have biased our  results.

Because our study was performed with a seroprevalent cohort,
we were not able to  adjust our results for the duration of HIV

infection, as could be done with a seroconverter cohort. However,
our results do not  differ substantially from those found by recent
studies with seroconverter cohorts: two studies found a higher risk
of NHL28 and KS29 with lower current CD4 counts, and a  lower risk
of ADCs30 and KS29 has been found in patients receiving HAART.

Because patients were only included if they had a minimum
follow-up of 6 months, some of the cases of ADC could have been
missed, resulting in  slightly lower incidence rate estimates. How-
ever, the number of cases that would have been excluded would
be probably small, and it is  unlikely that this would have biased
our results. To further explore this, we performed an analysis with
the patients from CoRIS, comparing our results with those obtained
including patients with less than 6 months of follow-up (data not
shown): the incidence rates and risk factors did not  change sub-
stantially.

In conclusion, our main findings on incidence and association
with risk factors for ADC in  Spain are  consistent with those found
in other countries. As in  other studies, we have found immunode-
ficiency and lack of antiretroviral therapy to be associated with a
higher risk of KS and NHL. We  have  also explored a  methodologi-
cal problem on the definition of incident cases in  epidemiological
studies of ADC. The sensitivity analysis for different definitions of
incident cases influenced our results: as the lag period increased
from 0 to 14 and 30 days, so decreasing the number of incident
cases, there was a  slight decrease in the incidence of KS and NHL,
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Table 6

Multivariable analysis of factors associated with non-Hodgkin lymphoma for each lag period.a

Lag 0 Lag 14  Lag 30

RR (95% CI)  p RR (95% CI)  p RR (95% CI)  p

Gender 0.993 0.512  0.460
Male 1.00 1.00 1.00
Female 1.00 (0.66–1.50) 0.84 (0.50–1.41) 0.83 (0.50–1.37)

Exposure  group 0.832 0.633  0.949
IDU 1.00 1.00 1.00
Heterosexual 0.84 (0.46–1.55) 0.80 (0.37–1.73) 0.81 (0.35–1.87)
Homo/bisex 1.05 (0.49–2.24) 1.28 (0.58–2.85) 0.95 (0.35–2.61)
Other/unknown 0.84 (0.36–1.92) 0.66 (0.20–2.22) 0.77 (0.20–2.91)

Age  group (years) 0.089 0.061 0.035
<30 1.00 1.00 1.00
30–39 2.82 (1.00–7.96) 2.48 (0.89–6.89) 2.53 (0.90–7.14)
40–49  3.24 (0.80–13.15) 2.21 (0.51–9.52) 1.44 (0.29–7.10)
>50  5.34 (1.38–21.00) 5.25 (1.28–21.45) 4.64 (1.09–19.99)

CD4  count (cells/�l) <0.001  <0.001 <0.001
>350 1.00 1.00 1.00
201–350 0.94 (0.32–2.74) 0.80 (0.26–2.48) 0.52 (0.18–1.51)
51–200  7.72 (2.37–25.21) 5.11 (1.44–18.14) 4.36 (1.27–15.00)
≤50 10.28  (3.30–32.07) 4.96 (1.24–19.87) 4.37 (1.02–18.68)
Unknown 2.60 (0.70–9.66) 2.55 (0.61–10.56) 2.33 (0.57–9.50)

HIV-1  RNA (log10 copies/ml) 0.261 0.324  0.348
<4  1.00 1.00 1.00
≥4.0 1.10 (0.54–2.23) 1.21 (0.50–2.93) 1.06 (0.42–2.64)
Unknown 0.54 (0.21–1.39) 0.54 (0.18–1.60) 0.51 (0.17–1.47)

HAART  <0.001  0.002 0.010
No  1.00 1.00 1.00
Yes 0.29 (0.17–0.49) 0.47 (0.29–0.75) 0.53 (0.33–0.86)

Hepatitis  C at entry 0.265 0.003 0.004
No  1.00 1.00 1.00
Yes 1.40 (0.60–3.36) 2.06 (1.22–3.48) 1.82 (1.20–2.77)
Unknown 1.84 (0.87–3.87) 2.87 (1.46–5.65) 2.88 (1.44–5.79)

Hepatitis  B at entry 0.782 0.612  NE
No  1.00 1.00 1.00
Yes 0.90 (0.10–7.87) 1.23 (0.13–11.33) NE
Unknown 0.43 (0.04–4.68) 0.36 (0.04–3.51) 0.45 (0.04–5.09)

RR: rate ratio; CI: confidence interval; IDU: injecting drug user; NE: not evaluable.
a Variables included in the model: gender, exposure group, age group, CD4 count, HIV-1 RNA, HAART, hepatitis C,  hepatitis B, and calendar period.

and a decreased precision of the risk estimates for factors associ-
ated with their occurrence. Interestingly, associations such as that
of HCV with NHL emerged with increasing lag periods. These find-
ings call for more thorough considerations regarding the definition
of incident cases.
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